ABSTRACT Lyme disease is the most common vector borne-disease in the US. 
been reported as infrequent case reports (Marques et al., 2014) . In addition, in animal studies 61 with mice, dogs and monkeys, it has been shown that the current Lyme antibiotic treatment 62 with doxycycline, cefuroxime or ceftriaxone is unable to completely eradicate the borrelia 63 organism as detected by xenodiagnosis and PCR but viable organism cannot be cultured in the 64 conventional sense as in other persistent bacterial infections like tuberculosis after treatment 65 (Zhang, 2004; Zhang et al., 2012) .
67
Recently, it has been demonstrated that B. burgdorferi can form various dormant non-growing 68 4 persisters in stationary phase cultures that are tolerant or not killed by the current antibiotics 69 used to treat Lyme disease (Feng et al., 2014a; Caskey and Embers, 2015; Feng et al., 70 2015a; Sharma et al., 2015) . Thus, while the current Lyme antibiotics are good at killing the 71 growing B. burgdorferi they have poor activity against the non-growing persisters enriched in 72 stationary phase culture (Feng et al., 2014a; Feng et al., 2015a; Feng et al., 2016 drugs like daptomycin alone, and that they can only be killed by a combination of drugs that 82 kill persisters and drugs that kill the growing forms (Feng et al., 2015a as having even better anti-persister activity than daptomycin at 40 uM (Feng et al., 2017 Carvacrol, p-cymene, and α-terpinene were purchased from Sigma-Aldrich (USA). soluble essential oils were dissolved in dimethyl sulfoxide (DMSO) at 10%, followed by 111 dilution at 1:50 into 7-day old stationary phase cultures to achieve 0.2% final concentration. To make further dilutions for evaluating anti-borrelia activity, the 0.2% essential oils were 113 further diluted with the stationary phase culture to achieve desired dilutions. DMSO Microscopy. Treated B. burgdorferi cell suspensions were examined using BZ-X710 All-in-
123
One fluorescence microscope (KEYENCE, Inc.). The SYBR Green I/PI viability assay was 124 performed to assess the bacterial viability using the ratio of green/red fluorescence to determine 125 the live:dead cell ratio, respectively, as described previously (Feng et al., 2014a; Feng et al., 126 2014b ). This residual cell viability reading was confirmed by analyzing three representative 127 images of the same bacterial cell suspension using fluorescence microscopy. BZ-X Analyzer
128
and Image Pro-Plus software were used to quantitatively determine the fluorescence intensity. 
137
The active hits were further confirmed with lower 0.1% and 0.05% concentrations; all tests 138 were run in triplicate. All the plates were incubated at 33°C and 5% CO2 without shaking for 7 139 days when the residual viable cells remaining were measured using the SYBR Green I/PI 140 viability assay and fluorescence microscopy as described (Feng et al., 2014a; Feng et al., 2014b) . assay was used to assess the live and dead cells as previously described (Feng et al., 2014a) . control drugs for 7 days in 1.5 ml Eppendorf tubes as described previously (Feng et al., 2015a) .
163
After incubation at 33 °C for 7 days without shaking, the cells were collected by centrifugation 164 and rinsed with 1 ml fresh BSK-H medium followed by resuspension in 500 μl fresh BSK-H 165 medium without antibiotics. Then 50 μl of cell suspension was transferred to 1 ml fresh BSK-
166
H medium for subculture at 33 °C for 20 days. Cell proliferation was assessed using SYBR
167
Green I/PI assay and fluorescence microscopy as described above. 
RESULTS

171
Evaluation of essential oils for activity against stationary phase B. burgdorferi.
172
In this study, we evaluated another panel of 35 new essential oils at two different concentrations
173
(0.2% and 0.1%) for activity against a 7-day old B. burgdorferi stationary phase culture in 96-174 well plates with control drugs for 7 days. Our previous study discovered cinnamon bark 175 essential oil showed very strong activity against stationary phase B. burgdorferi even at 0.05% 176 concentration (Feng et al., 2017) . To identify the active components of cinnamon bark essential 177 oil, we also added cinnamaldehyde (CA), the major ingredient of cinnamon bark, in this screen. Figure 2 ). Among them, the most active essential oils burgdorferi, we performed subculture studies after removal of the drugs by washing followed 215 by incubation in fresh BSK medium as previously described (Feng et al., 2015a Figure 4A ). However, palmarosa, lemon eucalyptus, We recently found many essential oils have better activity against stationary phase B.
239 burgdorferi than the current clinically used antibiotics (Feng et al., 2017 (Feng et al., 2014a) . In our previous study, we found 23 essential oils that had strong 242 activity at 1% concentration but only five of them showed good activity at lower 0.25% 243 concentration (Feng et al., 2017) . To identify the essential oils which have activity against B. concentration of 0.05% because no borrelia cells grew up in the subculture study (Table 2) .
256
Garlic as a common spice has been used throughout history as an antimicrobial, and a variety B. burgdorferi, and its activity is equivalent to that of oregano and cinnamon bark essential oils, 267 the two most active essential oils against B. burgdorferi we identified in our previous study 268 (Feng et al., 2017) . antibacterial activities on many organisms (Shelef et al., 1980) . Myrrh as a traditional medicine 275 has been used since ancient times. In modern times, myrrh is used as an antiseptic in topical 276 and toothpaste (Lisa et al., 2017) . It has been shown that some components of myrrh possess
277
in vitro bactericidal and fungicidal activity against multiple pathogenic bacteria including E.
278 coli, S. aureus, P. aeruginosa and C. albicans (Dolara et al., 2000) . Hedycheim (alternate name: 282 aeruginosa and K. pneumoniae (Ritu and Avijit, 2017 identified from natural products (Feng et al., 2017) . Furthermore, we also found that CA is very 300 active against growing B. burgdorferi with an MIC of 0.2 µg/mL. The antibacterial activity of
301
CA was also reported on some other bacteria. The mechanism of the antibacterial activity of 302 CA has been studied on different microorganisms, which suggests its antibacterial action is 303 mainly through interaction with the cell membrane (Friedman, 2017) . CA as a common 304 favoring agent in food processing is also used as food preservative to protect animal feeds and 305 human food from pathogenic bacteria (Friedman, 2017) . CA is considered as a safe compound 306 for mammals, as the acute toxicity study showed the median lethal dose LD50 of CA is 1850±37 307 mg/kg in a rat model (Subash Babu et al., 2007 (Feng et al., 2014b) . Viabilities are the average of three replicates.
